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[id*® i ] 

y mSB^J * & * ^ ^° * K ^ 

(b)(a)<0^ ^RW75 ySfeE^lJtiJ^T, lOtiWTSyfJU 34t<Z)7^a 47^ CO 
75; ^^59{£ co T 5 7 &J£Jlfl.<7> llL(li»»7^ Wt^^s L < l±#*0 

$fL*:T^yMSB?ll£^U *o5* -TTAGGG-3' *US>E?U fc^tr-S b&AsD N A 

^*t^i^wiJiH§- 2 co r s y mse^J m&m trf2dna^f^>^ 

(a)0^>^^!K* , JJJLTW(ia)~(via)OV>-rtL^O^ ^*®-?**Id*® 11B«*>TR 
F 2 DNAg^ Fy ^ > y;^«Xii:f ©So MJL ^ ^ 

(ia)SB^iJ#-^ 2 CO T 5 y fci3V»t\ lOfiCD ij ^> yfrbT y^<DWMfrtz 3 tL 

tv^7? ;Wtlt^r^7fi ^ 

(iia)SE^iJ#-^-2 C0T5 ymSB^iJ^isv^T, 34f£<OT9->^-k , J ^cogm^&^tL 

tv»4 7 5 ymffiyy ^ 

(iiia)SE^J#^"2 C0T5 ymSB^Jt'*5^-C, 47fi079->*e>-feV 

(iva)@B^J#-^2 COT5 ymiS^J^^T, 59i£ CO T ^■=¥ r — yfrb V y>^f^5 5 

iitv^7 5yii»iJ*tt^^>^^S ^ 

(va)@S^iJ#-^2 COT 5 ymSB^iJ^ is V>T, lMfc CO V v T^- 34fcz.co 

(via) BE?!l#^ 2 cor 5 y HMETflfcfcv^ lOffcOV ~> > tf> <b T ;V 3f - ^ fi&S. 0*47 

fio75->^?.-t'J >^wi§ii-cv^75 ymss^ij^^-rsy >^°y« 

[ld*# 3 ] 

|f^llfi«coy ^^C^R*3- KtiDNAc 
[id*® 4 1 

[Id*® 5 ] 

id*® 4 iB«comm^^y y - &#tf3£St!e*fe#o 

ft*i 3 lB«co D NA«$5tLf:i±^f« U 5,TRF2DNA«^K^ 
4 ykmVf? y^tKZmilTZZ. t T R F 2DNAfe^ K> -f >^H#* 

fi5ilffi«OT R F 2 DNAi^ y®&®-* WKttt** y*9KX\±**> 

[fit*:® 9 ] 

I**:® iBmco ?>/^ffcDNAt com^fro 

SB^ljSf 1 7®Ii^J Kli3V>T\ 3#BcOT^^G^co«m, 7fB^?)C^ttM 
^9#lC0T^^G^co«^^^*^i «3»^*t*^«:< lo©STO$^^ 
£ 3£2feK?!) ^tt^DNAo 

[fit*® 1 1 ] 
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jaTW(ib)~(iiib)OV>-r*L3^0DNA-C**KI^5J 1 0|Sm^DNA o 

(ib) ie^ij#^-i 7<7>m»i£^J^*3^-c, 3#acoT^^G^o«m^^^tL-cv^m»M5^j 

(iib) IE^J#-^ 1 7 <^:!^SE^J^J3^T. 7f lOG^^C^OtTO $ tlTV^&^^IB 
?iJ£;fr1-&DNA 

(iiib) MB^J#-^1 7 0^*@E^J^*5V^T, 9#@^)T^^G^Ofi^75 s ^$^TV^±lSMB 
^iJ£*1-&DNA 
[W^iJC 1 2 ] 

mmM 1 3 1 

5' -TTAGGG-3' ^g:2frZWffl*i£trZim.hit/»DNA<Dl£&T-C. I^iJSf 2©7 5 7 
mmm*%-$-2> T R F 2 DN Afe^ K-* ^ ^Xti^i 4 > * WC^St**, 10f£tf> 

ijy^ 34t<D7 7->, 47jiOT7->^^59fiWT;V^">^^^^lf i >9S^$tL 

s^jji: < t <b 1 o©7^t», si^Kttas^ffl-r^^s^^w-r^w^ 1 

2 |fi«(7)^feo 
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[*£#T»] 

[0 0 0 1 ] ce _ 

T D NAtlM^T RF2DNA^KM'/l:rI^DNAfc ^m^«3t^^J 

[fftf] 

[0002] , 

h mm £ fix * o PS?L«0 x n^7*»irn^ 7DNA*£# * ^ ®TRF1& OTRF2 

$ frT § f* 0 TRF2i±^S500'fl(7) T 5 7 Bft# <b & «9 , N*^ H420»*** * « 2 *#3fcj£ 
K^>, c*^t±605»»^fe**DNA«#K^'f V##«-r*o ffll*l1£tf>«v>T-n * 7DN 
A fe^> ^ > 7 ^ JfTRFl {±439 7 5 ^ BW» & D |W]#^N*tilj K2fifl^j£ K ^ >f > . C^c KDNA 

^507 5 7m^TRF2-Ci±m»'l47 5 /tCf^V^O^U TOFl-e»4BM£7 S J MK 
« ^ -e v> £ 2 ~ 5 ) o - OTRF1 , TRF2<75DNA|p'o" K > 4 ^ l± W £DNABE?!l (TTAG 

GGO^^-rA^i; hE^)iStt4e L5&»U in vitro^TKFltt2#«DNABB?!l*& 
lib DNA*#T$lW&OK**L (##M4, 6 35.0*7) , TRF2ii2*«DNAt 3' ^ffi 
^Oft^Wffc^flKfcW^te^tt-loQpflliat^fc^^S (##M8) O _t-loopi:t±3 

t2*m*r*&-rz>z- twot, ft**- -/ware* *> t-ioo P iwi*<&##*Mfc 

tTRF23&*fe^b-CV^ (##fr»9) o ^OTRF20-fn^TDNA^<7)|t^-*ia« : -r ; 5»^ 

x\z\zm&K*nm-r* mmxmi o~i 3) 0 o^amfcira^oBHAis** 

& tt* § fcaSv**** *K x n ^ 7^^ tt*l*Tn^7 HB9U K tt-fr-f * « X »* * < > 

RF1 1 TRF2 DN A|p •a' V OffilTO &i®60% ffi < > Rl CSfi^il & Stt t^^ D <^S£ 

?iJMM^»c-Myb (MitH, 15) ©DNA#S-frK^>f>W3oo#y tT- 
> IB^IJ t (Dtmmm^ - fc bUX^&o C-Myb<7)DNA£i!f^ t±Rl , R2, R3 fc H? « 

5 tfC v>4 o TRF1 cODNAln'a' K * 4 > *i $ *U c-Myb|W|»3o OA'Jy^^tS 

6 ) TRF2<7)DNA^ -f >05BB9>H±TRF1T?ODNAOK«J-8B*?5 7 5 y&fcH5 ^ ^ 

[^flfif 1] Bilaud, T., Brun, C. , Ancelin, K. , Koering, C.E., Laroche, 1 

& Gilson, E. Telomeric localization of TRF2, a novel human telobox protein 
'. Nat. Genet. 17, 236-239. (1997) 

[2£#fF:£jijt 2 ] Broccoli, D. , Smogorzewska, A., Chong, L. & de Lange, T. Hum 
an telomeres contain two distinct Myb-related proteins, TRF1 and TRF2. Nat. 
Genet. 17, 231-235. (1997) 

[^SHH\S:«t3] Chong, L., van Steensel, B. , Broccoli, D. , Erdjument-Bromage 
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H. , Hanish, J., Tempst, P. & de Lange, T. Ahuman telomeric protein. Scienc 
e 270, 1663-1667. (1995) 

[##1^14] Bianchi, A., Smith, S. , Chong, L. , Elias, P. & de Lange, T. 
TRF1 is adimer and bends telomeric DNA. EMBO J. 16, 1785-1794. (1997) 

[^#ff:«5] Smith, S. & de Lange, T. TRF1, a mammalian telomeric protein 
. Trends Genet. 13, 21-26. (1997) 

UN#ft\fciSfc 6 1 Bianchi, A.M., Stansel, R.M., Fairall, L.D. , Griffith, J.D. , 

Rhodes, D. & de Lange, T. TRF1 binds a bipartite telomeric site with extrem 
e spatial flexibility. EMBO J. 18, 5735-5744.(1999) 

[^m^M7] Griffith, J., Bianchi, A. & de Lange, T. TRF1 promotes paral 
lei pairing of telomeric tracts in vitro. J. Mol. Biol. 278, 79-88. (1998) 

[#M#ff»8] Stansel, R.M., de Lange, T. & Griffith, J.D. T-loop assembly 

in vitro involves binding of TRF2 near the 3' telomeric overhang. EMBO J. 
20, E5532-E5540. (2001) 

[^#ff\£fi£9] Griffith, J.D. , Comenau, L. , Rosenfield, S. , Stansel, R.M. , 
Bianch, A., Moss, H. & de Lange, T. Mammalian telomeres end in a large duple 
x loop. Cell 97, 503-514. (1999) 

[^#J^tfiU 0] Karl seder, J., Smogorzewska, A. & de Lange, T. Senesecence 

induced by altered telomere state, not telomere loss. Science 295, 2446-244 
9. (2002) 

[&&fF%18ll 1] van Steensel, B. , Smogorzewska, A. & de Lange, T. TRr-2 pro 
tects human telomeres from end-to-end fusion. Cell 92, 401-413. (1998) 

l&SfrftXWil 2] Smogorzewska, A. & de Lange, T. Different telomere damage 
signaling pathways in human and mouse cells, EMBO J. 21, 4338-4348. (2002) 

[itlftf 1 3] Kalseder, J., Broccoli, D. , Dai, Y. , Hardy, S. & de Lange, 

T. p53- and ATM-dependent apoptosis induced by telomeres lacking TRF2. Scie 

nee 283, 1321-1325. (1999) 

[mm ^ m i 4 ] Gonda, T.J., Gough, N.M., Dunn, A.R. & de Blaquiere, J. Nu 
cleotide sequence of cDNA clones of the murine myb proto-oncogene. EMBO J. 4 
, 2003-2008. (1985) 

[^mttMl 5] Klempnauer, K.H. & Sippel, A.E. The highly conserved ammo 
-terminal region of the protein encoded by the v-myb oncogene functions as a 
DNA-binding domain. EMBO J. 6, 2719-2725. (1987) 

[##ff»l 6] Nishikawa, T. , Okamura, H. , Nagadoi, A., Konig, P., Rhodes 
D. & Nishimura, Y. Solution structure of a telomere DNA complex of human T 
RF1. Strucure 9, 1237-1251. (2001) 

mm-hm®: u x v t -r & mm] 

[0 0 0 3 ] 

$t~°i§&Wte, CltL^O^^lCiv, TRF2«DNA^^iW^^ 

mn?>\ ? v y ^sm t u t r f 2 * * - v v + k Ltzmm i-Mtt s t * a 

MWmtit, fn^r^ , /^RTRF2DNA«'&K>>fvifn^7rl?)^ 
D N A t ©«<frfl*« *NMR«fcT?tfe5fe Lfco £lii:ft$iitv^tn^ rr/^^fT 
RF 1 fcrn^mt^ADNAhcoS^^il (Nishikawa, T. , Okamura, H. , Na 
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gadoi A Konig, P., Rhodes, D. & Nishimura, Y. Solution structure of a telomer 
e DNA complex of human TRF1. Strucure 9, 1237-1251. (2001)) tib^LT, TRF2 
tTRF l«rIiDNAWt^f«*ltf t^o TRF ltTRF2<DT<yWi 
l±m0% (TRFl t TRF2CD*S |WJ'I4ii ident i ty ~emO% &&o )I4otv^i 5 \ Jtt^Oife 
* TRF2©4i075yf©*^TRFlICtIt^-fc^i^^> TRF20D 
N A|p B"fb?r T R F HMt^H^Lfco 1"&:b*>. TRF2»rn^T-l 
^ADNA^W4Ii*)^l'Mi^Mt^^fc^i^o ^Mti, 

[0 0 0 6 ] 

(1) ^T^(a)X(i(b)©TRF 2 DNA^F^ W y/^fXI±^©Io 

(a) M£^J#-^2 ^ y ^@B^iJ^i3V^T. lOf&O 'J V ^ h 7;v^- 34f4cO 

(b) (a)W^W^S«0T5 ymiE^J^^V^T. 10te<O7^yM, 34foc?7 47iz.O 
7 5 711^59(3:07 5 1 5gL < liti©7 5 t^^< teftSP 
§ii/;7 5yW^f U *o5' -TTAGGG-3' "Ci6S;ftSBB?!l£#tf— l^A/DN A 
^Oft^l6**iB^I#-f - 2 O 7 5 7 m@B^J * ^-T * »£M T R F 2 D N A«F# K * -f > £ «3 

(2) (a)O? W^R^&TO(ia)~(via)m>1*:ft^O* w?*«T?3>£ (1) gB* 
(DTRF 2 DNAitK^'f W^IXI^^Io 

(ia)@e^iJ#-^2 co 7 5 ymiB^iJ^iSV^, lOffiO V v>^<b 7;V^- >^Ofl«ft**4 $ tL 

( i ia) IE^J#-^ 2 CD7 5 ymSe^J^iSV^T, 34f£cD7 9 - >^ -t V ^^©W^^ft 
-rv^75ytE?iJ?:ft^^>^^K 

(iiia)@fi^J#-^-2 co7 5 ;WJi:^v^, atiLOTv-yfrbf) y^(DWMfr-%Zti 

(va)Se^!]#-^2 07 5 ym^ijU^v^T, 10te<D l J i/>^f.7;>^»>^«, 34jAZ.co 
(via)@B^iJ#-^2 07 5 ymiB^lllC^V^T. v 7;v^- ^-vCDSSl&tW 

fio 7 9 - v ^ h -b v >^co«m# ? & s nx 7 5 y mmn*J}-t it 

(3) (1) IBm^^ w?^K&3- Kt^-DNAo 

(4) (3) fa«ODNAmtSiaiftx.^^-o 

(5) (4) |B«co|S.mx.^^ *-£#fr^Kte$l#o 

(6) (3) Ktt<3DNA-C^®<S&Lfc*g±£Jg*U «W^TRF2DNA|§ 
<fr F7 W v^JMfc* y^?W*W$LlrZ> - mTR F 2 DNAg^ K> 4 >$tmfc? 

(7) (1) IBtOTRF 2 DNAlS^K^'f W^fXIi^OtWS 

(8) (1) IBf«TRF2DNAg^F^yIW>/^«m^^«3l 

(9) (1) Xii (8) |B1© ^ S D N A t ©f^fo 

(10) @B^iJ#^-l 7 om^SB^J^isv^T, 3fg©W^G->«tt> 7#B«G^C 

^$tLTV^«g,m»IB^!j^*t-^DNAo 

(11) jaT«>(ib)~(iiib)OV>i*tL**©DNAT?*a (10) I5f©DNAo 
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(ib) mnm^l KDt&mtmK&^X, 3#BWT^e>G^^«m***§tLTV^^I6S5^ 

^ft^DNA „ ^^.^ 

(iib) 1E^J#-^1 7 0S*S^P:*v>t, 7#§<7)G^^C^«m^^$tLTV^4a^lE 

^J^^-r^ DN A j-*.--, 

(iiib) @b»-^i 7 <Dm.mm^^r, 9t a ^w^g^« ^atv^kise 

(1 2) Sa^Jff 2^7 5 /raW^TRF 2 DNAMK^ 4 >JL\*&Y * 4 

- fc * * * - * **** fo^7DNAtTRF2J: 

£ ftQH Pi" * - fc § & M * * * V - - y 7-f & 
(13) 5' -TTAGGG-3' -C^^tLSBB^J^^trZlE&^^DNA^ftTT?, BE^Jw^r 
y fc^i"* TRF2DN A#t^ K-* >f >X« ^ > * 

i (12) ta«^^"fto 

#Hffl#icLv>t\ TTRF2J tit, Wfn^T' TTAGGG' |fc *) « UE?!lfc# 

5' ^mGGG-S' i±> HtSUgO-f n * 7 DNACO H H |i DNA <D Hi «3 oE LE^-C* ^ ^# 
£o^oTv^TRFli3J:OTRF2) ^t^o 5' -TTAGGG-3' -C^StLSK^ISr^tp-fi 

trl3: 5' -GTTAGGGTTAGGG-3 ' 1 7) /5' - CCCATTCCCATTC - 3' 

8) 

T R F 2 D N Ai^ ^ >XI^© R«5' -TTAGGG-3' T^S^&IE 

f^n^TDNAj tit, -^mm%<vm&fe*w><vmAi±G^n^?mvMvmmt^<D 

jg LDNAMB^iJ^-r n ;>< T DNAtr& & 0 
[0013] 

r#c#J fct*. ifciicj|iii*o«r*, ^Rjs^^oT^rtm^^tL^^ I/si?* 

{±Fab"7 7 7* > ^ frL& «, 

[0 0 14] 
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mmm} 2<?&±<vm* minx, 

[0 0 16] , _^ 

ifc, :#S&Kfc:J:*K fo^7?W^fTRF2DNA^F^>J:70>7-i 

^Jtf)* * V ~ — > ^^nlfg t & o 

[3Pj§ £ ^Jfc-f & £ coMi&coMWi] 
10 0 17] 

1. TRF2DNA^F^'f>^I^>^^S 

aT<5(a)Xli(b)OTRF2DNA«^K> >/i?KXH*<0 

'J -»^TO^^^>fi fja^^ttS^ft < *> 1 oOii^?^v^7 5 

(b)(a)o* ^^stors ymSfi^'J^isv^r, loft^r^ ;E 34te?>7^lfe, 471^^ 

§itf'7^iffi?^tL> #»^>5' -TTAGGG-3' ^S*iS@E?!) : £:"£'tr_-* | b J i^DNA 
— Ott^-fi6#BB^J## 2 O T 5 J WMm *G1rZ m&M TRF2DNA^F^r/i^ 

( a )(7)TRF2 DNA^F^-f^I^^S^ LXli, \>1T<D (ia) ~ (via) <D 9 

(ia) 2 5 ymiB^J^^V^T, 10ft tf> 'J ^^TJV^-^^gm^&StL 

TV^75/W*ft^^>^^So 

( i i ia) BB^lJ*-^ 2Q75/ MSB^iJ \~ £ v> T , 47{i<0 77">^?>*'J V^Stfe:* 5 & £ n 

(via)@E^iJ#-^2 (DT 5 y&BBSnjK^T, lOffiOU y>*f>7i^->^«XW7 
[0 0 18] 

(ia)<75* y/>°^f?<£>7 5 ymiB^J^IB^J#-^4 frTfi-to 
[0 0 19] 

(iia) o^>/^KOT5 7m@B^iJ^SB^J#-f-6 i'Tfi-to 
[0 0 2 0] 

(iiia) ©^>^^I<?)T5 y^@B^J*iBF!j#-i-8 KtfITo 
[0 0 2 1] 

(iva) ©^^^R©75 1 OK/F-fo 
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[0 0 2 2] 

(va) «r^W7^ mSS^'J * IB^J*-^ 12t:/Pto 
[0 0 2 3] 

(via) o^w^swr 5 smsmtmrntt 1 4 k^-To 

4 6 8 , 1 0 . 1 2X0* 1 4 <DT 5 y mS£^N« ("t Hi) K 

[ 0 0 2 51 

*»W<DT R F2DNA^F^ W^Kli, h S*<&»&fflT R F 2 

o-Clitt^H s tH„i£li\ W2 KfBttOJ:} CU, TRF2DNA^ 

RF2DNA^F^«r/^7f^IltKH s t^ M*. 
^ig^^ki^ CURRENT PROTOCOLSn^ni, «»»n 
^-K I. II, III. A#*5£^± : M, Ausubel, F. M. f, S h o 
rt Protocols in Molecular Biology, Third 
Edition, John Wiley & Sons, Inc., New Y 
o r k *#Ha<*>£ t) o 
[0 0 2 7] 

ijv^itfc, *3&IK OTRF2DNA«^F^ 9>*ir K&tf* <a3£li . 

[0 0 2 8] 

^0J! OTRF2DNA^F^r/ gEH# * ii^^^fe I' * «9 m<7>5&"C# 

[0 0 2 9] 

[0 0 3 0] 

2 TRF 2 DNAtt-frK* 4 y^Mfe* vWf&'a- KtiDNA 

©TRF2DNA^F^-f> 3E*# ^ W^Sia - KtSDNAIi, #Sfclfl 
©TRF2DNA^F^> 3?H# * > ^ < * « * 3 - Fi" h m3felB^J * ^1" * & ^ 

^Kfca-K-rfcDNAfcLTIi. K?H##3, 5. 7. 9. llH±13WWO 
iS^IS^J * D N A *0 0^1" & - £ § & o 

^J©TR F 2 D N Al^ >f - Ft^DNAIi, #1) x. if 

m-I^H F WHela*fflJto £>mRNA£»ffi U Mm^mm& * V* V =*TT/7 >f v - fcffl 
TcDNA^^-T^o TRF2DNAg^F^>mtl (63») =fc o "C±i 

2005-3026724 
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Zo®b tLfcPCRS©^^ShTRF2^DNA$^ K * 4 > * D .?L 
& D N A Wil^SBO-15U £^*L-r*LB£?!]#-f - 2 1 Wt" o 

h™NAU ^ < ***** ~<*« K Ti£^k 4 ^™ D ^£J I ' 

r/w- k«« (63»*) * &*****»»* k * o * *f Q il u L^f V 
- ft I *JcZ\ r 5 y warn w^^^^-^dna ^*^J 

* >;^f ^n - Ft^DNAOtIE?!J<7)^^E^tf 1 1^1" «, Ir^iJ#-r2<DT 
[0 0 3 4] 

«**.^*-tt, ^n^TJfe Molecular £l on ^ n ^ E F di h tio ^i H /^7 F k 

et al Cold Spring Harbor Lab. Press, 1989fctf*©:*flfe) « <K *»^JRF 

M^-kUli, »|fi*«7'7^5K pBR322, pBR 3 2 5, 

P UC12, p U C 1 3 ) . fi«ft*^?^F («, PUB110, p TPS p 
C 1 9 4) K (M> PSH19, pSH15) . HT-vSt^ 

ft J?oft*JfilB * >f * if «rffl v> & £ § & o 

j n ^>^t;K MiR-?~*-> sv40«»*v ^>ft ^ttirab-cfc 

^y«kil^y^-^«$«i3^ pGEXvV-X (r^^A7r;VYv7;^ir 
*tt) , PET CBD Fusion System 34b-38b (Novagentt) > pET Dsb Fus ion Systems_39b a 
nd 40b (Novagentt) , pET GST Fusion System 41 and 42 (Novagentt) ft**«3*T* 

^ § & o 

[0 0 3 8] 

iftSOTRF 2DNA»^K> 4 =»- KtiDNAtttt* 

[0 0 3 9] 
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AMU (f!lx.ii\ T*^^***) , S2«, Sf«& 

if) . ©MIS CH0«, COSSET HeLa*fflJ£L C127«Bfl&, 3T3#ffllL BHKM, 

HEK293IHJI&& if) > WtMHUS* if Sr^l" Sit § 4 o 

[0 0 4 0] .tci., 
H^£^^^r_^^|:^Xt^t:l±, Molecular Cloning 2 nd Edition, J. Sambrook 

et al.. Cold Spring Harbor Lab. Press, 1989^K*^*ft (#!)xJ2\ U * 
DEAE-t^* h 9 b?^^'>a ^ -^On^yx^ya Vft, V 

[0 0 4 1 ] 

5t*#*tU »»-r*LtfJ:v^o T R F 2 D N Ag^ S«® 
[0 0 4 2] 

TRF2DNA^K^> * > K**BU ( * ^ ^ tT«ffit * 

^ FactorXa^SiSl (i>fn^t-«?) feS*-*-* £ * *K »l|t&* 

IffU @6Ut*TRF2DNAIS^F^^>W^ ^It#Si^t?iS 0 

TRF2DNA^K^r/ * > ^ * ffifti , tetottfe * *> fi 1 

[0 0 4 4] 

5 35l# 

$P^©TRF 2 D N Aln-o* K> * 
i^iOTRF 2 D N Aln^n F> -f >3E*#* 'If 

[0 0 4 7] 

ffi!E#2 005-3026724 
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°n-V;V*L^fi> Nature (1975) 256: 495, Science (1980) 208: 692-^B«$ 
*LTV>*. G. KoehlerXtfC. Milstein^W y V K-^fetJ: 

o y&t>*>, ttW*ftftlx^ &ft«jWottK*fc&#M£fflI&*¥*U -tL^#M 
[0 0 4 9] 

-mmm-^^m-f & m& \* , *s#It^4, 946, 778-1- cib« £ v> & 0 

[0050] , , in 1 

UttfH^ItSSftlt Biotechnology 10, 1121- 1992; Biotechnology 10, 1 

69-, 1992fc:flBlft£iT."rv>&o 
[0 0 5 1 ] 

6 TRF 2 DNAft^K^ -i yrttWJkTf^tol&VRM 

$Hgj©TR F 2DNA^ >f >%t¥kfc9 SXD'fOlli, T R F 2 

-TS«l («xt?> ^ T#l— ©ii^Jlt^-t^^o TR 

rlseder J., Smogorzewska, A. & de Lange, T. Senesecence induced by altered telo 
mere state, not telomere loss. Science 295, 2446-2449. (2002); Smogorzewska, A. 
& de Lange, T. Different telomere damage signaling pathways in human and mouse c 
ells, EMB0J. 21, 4338-4348. (2002); Kalseder, J., Broccoli, D. , Dai, Y. , Hardy, 
S & de Lange T. p53- and ATM-dependent apoptosis induced by telomeres lacking 
TRF2 Science 283, 1321-1325. (1999)) ©"C, T R F 2 D N A** >f 2"* 

i^©TRF2DNA^KX 4 >^^IXt«^t«-|W^S#t^ 
TRF 2 DNA^F^ W^gXIi^Wl^ **v» 

[0 0 5 4 ] 

7. TRF2DNA^W^>W^^^^S^^ ; ^K 

tfc. ^mmi±, ±ie©TRF2DNA^F^r/wr^Km^> ; ^ 

KiiLTii f4lTRF2i:i3^T, DNA^FM>I»*»TRF2DN 

T R F 2 (D^mmWT 5 7 It™ tfilWSWI#f 151^6 SE»^ 

mUE# 2005-3026724 
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£ tr^4^0TRF#^lft/— Ait 438|£^ 500{3: Jt^DNAfe-pK^ -f >"C 

* * o lc£l]## 2 <DT 5. J it , Ifi^JH^ l 6 O 7 5 J 438f£ O 9" ;v 

S10.34,472Stt^59ttOT5yifcffif£li, -etL-TtU BByiJ*-^ 1 6^T5y»l^lt^ 
447,471, 484X1^496^0 7 5 yllfiCffiatSo 

10 0 5 5] . 

>^5t&-£tr* >v^K£n- Kt«DNA*H, #£>fr£DNA : S:iaS&3&5i^ 

TRF2D NAg^- V * 4 * >^ 9 « «r^tf * 9 jf * ttSfe-*- £ £ § 

i (iilf, ffi»I, CURRENT PROTOCOLSn^ni 

h a-;K I , II, III, AH^^tt : JSC^ A u s u b e 1 , 
F . M. Short Protocols in Molecular Biol 

ogy, Third Edition, John Wiley & Sons, I 
nc. New York £#MO C ) « 
[0 0 5 6 ] 

^HH^COTRF 2DNA^hV^ >/*9K*^tt 9 >^9 

[0 0 5 7 ] 

[0058] _ 

$»TRF 2 D N Alp-n" W >^H#^ >;*9M*&ts9 >s*?%<Dm*. 

m) toil, ($IxJi\ ^> ^ntT^^aft, 7v^S, ^w>m> 3^ 

ssife, ^>-m> v>^it, 

£:0:^& if£#!!^i~ & i &o 
[0 0 5 9] 

;£§§Bj30TRF 2 DNA^F^ >f >^H#* >s*9M*$tr9 >/^SM^?)fflB 
, T R F 2 & *Mfc x. (i\ *s Sfrft^ 7 # h - f * * if) Of fcf UJi *t & - 

t^Tii, TRF2CDNA^it§^*4<t^ 5frffc*7# h - & £ 

^t>^oTV^Karlseder, J., Smogorzewska, A. & de Lange, T. Senesecence induced 

by altered telomere state, not telomere loss. Science 295, 2446-2449. (2002); S 
mogorzewska, A. k de Lange, T. Different telomere damage signaling pathways in h 
uman and mouse cells, EMBO J. 21, 4338-4348. (2002); Kalseder, J., Broccoli, D. , 

Dai, Y. , Hardy, S. & de Lange, T. p53- and ATM-dependent apoptosis induced by t 
elomeres lacking TRF2. Science 283, 1321-1325. (l999))OT\ $P^TRF2DN 

Am& K> -i yyt¥kfc* y/*99,*^ts9 y>*9%W j t<oM. i k^m lt, ^ft*7# \ 

[0 0 6 0] 

[0061] „ A 

««TRF 2 DNAS-p 4 Z/^9^^9 >^99.W^t(Dmt 

[0 0 6 2 ] 

8. fn>7DNAP# 

tbSE# 2005-3026724 
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[ 0 0 6 3 \ 

^©fo^TDNAflft LT(±. mT^(ib)~(iiib)C0DNA^rf!l^i-^- t 

~ j 

(iib) E^jftl 7 0^@B^iJ^*3V^"C, 7 f § ©G^ f>C^O ^ itt v^iME 

^ij^-f &DNA 0 4a-*m 
(iiib) @B^iJ#-^l 7 0^*IS^iJ^^V^T, 9#BOT^e>G^e^***^tLT v^teSBfi 

[0 0 6 4] 

(ib)ODNA©t»IJ4@^Jff 1 9 li-TFlTo 
[0 0 6 5 ] 

[0 0 6 6] 

(iiib)ODNAOiMEB?!j£@£»-^2 1 ^"To 

[0 0 6 8] „ , 

*Hi©f n ^ 7 D N A^l±^«^^t 4 i k^l 4. WIRCO 

[0 0 6 9] _ . ^ „ . 

$^ W rn^7DNA«^ fi<D»^t^i;> r n^7^_^l ( 
TRF1. TRF2fc^)<&*IB»WfcWB-*-*- WIS, tiz, *^©t0^7 
DNAWli, fn^7n^I (tfflx-tf. TRFK TRF2& if) **l!8-5--f &«l 

9 . [ T R F 2 D N A*g£- V^&fc* > * SOUi^ElHfc* KSr^tr * 

^gtDNAh CQ^^fc _ „ „ 

K&^-fr * WC^Jtfc DNAfcO**S''fc*l£'fiH"*o 

^Sott^^^i-* * «t±. KT«(a)iL<li(b)©TRF2DNA^ 

(a) @S^IJ#-^ 2 CO T 5 7 mSB^'J ^ * V^T, 10ti <75 V v VfrhT >^V>m&. 34f£0 

T 5 y $3t«07 5 / WO 1 £ L < UM07 5 7 Stfe£ L < ttttiD 

§tL/:7?yW^*U ^05' -TTAGGG-3' T'lfe^ tL&?i£^J£^tf_ilI k-'g^DN A 

ffi|E# 2005-3026724 
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[0 0 7 3 ] 

10,1 2M~i 4«9T^ y$@E^:t^s*>'^®*^"*~* ,:Lfc * , " t ^ ;&0 

ITRF2WT, DNA^F^^^W^J^4, 6, 8, 10, 12Xlil 
4 CD r 5 7 mBE^iJ 9 y^9% Ctt $ tu^ t O SrW^i" * r i: # £ „ if M 

thTRF20T5 7 mSB^iJ^^iJ*-^ 1 6 \z.t&*o WMm^r 1 6 <DT 5 ^SE^Jt^V> 
T , Glu438# & Asn500 S T?**D N A F 7 4> Wt^ h Z> 0 

i»So«^Sr^-r*DNAfcbri±. 5' -TTAGGG-3' tL^SE^J^^tfZlfi 
5,^DNA*W-t^^*o5' -TTAGGG-3' 3 *L* E?U A/ D 

trl3: 5' -GTTAGGGTTAGGG- 3 ' OBTUSE 1 7) /5' - CCCATTCCCATTC - 3' (S^iJ#-r 1 
8) 

[0 0 7 6] 

DNA&tf* K t±50mM£UiO*£*l£> pH6. 0-8. 0tf>iM*^30r 

[0 0 7 7] out xa*^. r 

«^#<Z>^J&5iBiacore(Biamolecular Interaction Analysis Core techno logy; K 

Biacorett) Ci DilBtii^^o «ilf, *»«OTRF2DNA»#^^ 

^-f-W-hKHfeU*:*^ :o*>fl-fym *»l!OTRF2DNA»^ 

2 ^Hojjg^- -fe 7°OTT-com»^S»^b^SPR(Surface PI 

asmon Resonance) W**fcUr*fflU v^^;V<7)SB«t^SensorgramfcPW 

K D f#, 10-HiT, »ll(l±10- 5 ^ i25f ^iii^LfT 

[0 0 7 8 ] 

^^li, E?Jf*2«r5 ;»^ft^TRF 2 DNAi#K> ^ >X»±RK> 

$»#3fr*^fc< io©7?;«t% ***»tffis^ 

©tt««Kf*£fc*«T?S*i:«ft-r*-fc*#^ fn^7DNAJ:TRF2W 

v^-C 5' -TTAGGG-3' tL^WM^trZlM.h^^D N A?)|ftTt% @B^J#-^ 2 <D 

75) mSB^J * 5fr i" £ T R F 2 D N Att* F 7 W > X tt» F 7 >f > tr 9 > 9 > 

iV^o 5' -TTAGGG-3' ^Sfr*E7!l*#tr-*&*A>DN A LTti, &T©BB?!l&# 

-r ^DNA^^ii^-r & i § * o 
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trl3: 5' -GTTAGGGTTAGGG-3' 1 7 ) /V - CCCATTCCCATTC - 3' (WWttl 

8) 

2 i? T 5 y miS^J fc*t * T R F 2 D N K>>f 'f > W 

lOtt^vl^ 34tt*>T?^ 47^T^-^W59ffiOT;V^^ 

St 5 T R F 2 DNAln'p 4 #^ ^««^*m<« 

[0 0 8 2] 

KTBF2(OT)NA## -f V (MSF2DBD : N*S(-Met##Jmb*:Glu438*6.AsnS0 

*»3I*r J: ^ 15N £ f- i± 15N/13C 7 ^ L /i^ > 7° ;V £ ^ ° fe ^^ fflV 7L 

MAi±PltfrSli £fc '^ ttTV>/5)hTRFl tDNAt CD^^i^^W^^TE^^ v * ^ ti-7^@E^'Jtrl3 : 5' -G 

™f™mma tflo^Ao, 2.3-5.0, 2.3-6 ^"^^ 

fiTxj >r cu 7r *n -T-90° <<i<-40° > 3JHNa >8. 5Hzfcl*fr LT-160 < I < - 80 k 

^l"ft*?«DNA^Wlh LTWatson - CrickO*»MO**tt^«R**Xa»W3 
r G (Ni)-c(N3) - 2.95±0.2*>^>n-A. r G (N2)-c(02) = 2. 86+0.2+ ✓ * X >t n 
" r (o ,-c(.«) = 2.91±0.2*y^>n-AROTAtt»«-CrA(..) -too = £95±0 
2*>n>n-A, andr A (Ni)-T(N3) = 2.82±0.2t >^ > n-ACU 
LTAaXWBfflOIMlAiUfei-lfiH-Ca = -65 + 50° . /? = 180 + 50 , y = 60 + 50 

180 + 50° t = -85 + 50° Kbfco m±O^#^ffiV^TCNS(crystall0graphy and 
«s L University) tt»tt»tff4 o ^- J^i^tt** Wg^g 

rML JfeM^ftBMDNA^^^/^^^50 +>^^ > n-A©ffi«fc*fcofc:£pMlt 
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[0 0 8 3 ] 

hTRF2C0DNA|n / o* Y J 4 > <DWlk 

^5fe$tL^hTRF20DNAtt# -f > fc^trN^fclfetrtWll LfcGlu438tf» ^Asn500^ t? (h 
TRF2DBD) W25-fi 0#^t £Fig2 (a) fciS L o hTRF2DBDcO lC*j"f & ffl * <75rmsdi4bac 

kbone^0.34±0.05^>-^^ hn-A, All heavy atoms T?0. 82+0. 06 + > fn-A 

ktttSfcA/^raDT?* 1 ), Trp450, Val458, Leu462, Trp470, Leu474, Phe479, Ile487, 
Trp49U Metm^tzttfr KBfcfcttO 3 T£o< ^ >A^foiM^ftttv^ 
o »7K14<7)3T<7)«^^Glu453tArg482, Ser454 fc Arg490**3S*«:^ < «9flHt<Z>3c 

[0 0 8 4] 

hTRF2DBD t DNA<9 *1 ^# O 

«^#Ofl|£»*T M ^ /cDNAii JM#& £ tL7thTRFl fc DNA <7)^#0#^ Uttffl $ *L 
Mrl3 * 5' - GTTAGGGTTAGGG - 3' /V - CCCATTCCCATTC - 3' Sr-ffiffl Lfco Jf\ hTRFl 
|Wj*trl3^hTRF2^^-tr § * «lt^ fcfcMRK: 4 SflS5fe*« 5 Srfr & o fco DNA^M L 
T^>;^^niTV^/^i?) hTRFl |Wj*l : l-ChTRF2DBD^^i- £ - t 3 s t> ^ ^ ^ ° 

«r &te L fc (Fig2 (b) ) o hTRF2DBD t trl30«#ffO»iit±¥*&ffi* * « * ®*^^ r 
msd(±backbone-C-0. 51 + 0.11 , All heavy atoms trO. 68+0. . 09T^ o 

tzo y&kfofw* y^^(Dmmty)-(7)m^nLxm^mtit^<, s/cDNA^bendi 

ng& ^S£-fkli*3&»o/io 

[0 0 8 5] 

jo tt & DNAct) ISIt 

«#fr^^^ShTOF2DBDWDNAO»«0«S:iaiiFig3(a) fc^Lfco MBFZDBDttDNAfc^* 

L=tl^V7^^ < S D > Asp489# s C7' , C8* SrLys488**A4 f tz 14G5 £ B 
tL"CV>4o Ala484. Val485hT30^ f^V^mTklft&fflSf^ £ LTV>S Q ttz 

Met486fcVal4850^^;V*^Arg4890^^V>^tC7' > C8* ^1«^C7' WgrSH eifc*. 

-ei^o ai*tw*v^-CttLys447* s T94fctiA6' «:IIltv^ 0 £ tz, &&^<Dfem&& 
mmvm'WW, Trp470. AU471, Lys488, Arg490. Arg492**DNAtf>'J >«#»*B* 

$titv^*^tF^^> hTRFl CQ«^#& tr-C^. h ft 2> „ # I'hTRFl fc 54 |WI# WDNA 

e?ij*b*u t?zvmm&Y*-( yommbtet , wmitw&.wmK'c 

$>ZZb ^ilt' § (Fig3 (b) ) o 

[0 0 8 6] 

hTRFl t hTRF2©DNA^<^fRflfc<^aiV^ „ 

hTRFl (Arg378-Leu430) fc hTRF2 (Thr445 - Leu497) c7)DNA|t^ W ^««-COfflratt»4ide 
ntity"Cjf&59%,similaritye#5j70%T?^t*^^ o ftfcStLfc hTRFl RtfhTOK 

WDNA^Ott^fr** *b . DNA^©B«^H# LTV^ T 5 ^ Bfetifei* 4 «9 > hTRF 

2KJ3V>TLys447. Ala47K Ala484, Arg496T?**o t**U :04S»^t^t 
DNA^O±*B»»^©aS<k»4 & < > - <r>m&VXft<D T^J ^ CODNA^ <D W-M (4 hTRFl t 
i<HC?*ofco ^<^4^St4hTRFl-Ci4^tL-rtLArg380 > Ser404, Ser417. Lys429"C* 
* o hTRF2"C {4Lys447 t±DNAWHI» \Z A v T9 * SIR LtV^ c hTRFl COArg380 4 |Wj# l'T9 =^ 

tBIE# 2005-3026724 
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JHfcLWSo hTOFlT?t±-^2o©3!ia&tiSerHSE*3oT*»). Ala471 *Ser404 

TRF2T»iDNA^OffiEftffl PM4Lt*5,f, hTRFl^Lys429t±T4' ©V 
tf?-Cttftv>3&»fc#£e»tL*o hTRF2l±hTRFlt4o(^T^ y ^K&v^&S £ tt*^ Tie 

[ 0 0 8 7] 

DNA^OaffinityflWf 

DNAIIlfU-iSV^ThTRFl <h3S'9 4o<75 T 5 / J&K'H LThTRFl t ^ j^^^^^j' ^<f3iTX 
BfcL wild typefcOjtv>«rP-<feo «#iiK447R, A471S, A484S, K496R. qm(K447R. A 
f 7 l S ; M84S K496R). d m (A47lS, A484S) «>60 fcffft Lfc. *£ ^ 
^trl3K»+**5fe***fr* o fc„ S/tpV^to tq 

& & ^H^a fcaff inity^Oft* SI^?^*!* (Surface plasmon resonance ;SPR) 

S-T hTRF2WTOtrl3(5' -GTTAGGGTTAGGG-3 ' )^©*«5»CKD)I±1<MI HEPES-K0H pH 
6. 8, SmMEDTA, ISOmMKCl, 0. 003%(v/v)X-100O£^±KD=(7. 48±0 21) X10" 7 M^o tz Q 

C-KD=(5 33±0.88)X10- 5 M. T9G ; KD=(1. 10 + 0. 06) X 10 _4 MTr& o (31 2 ) o T9GOM 
^'trl3(Cj:b^lOO^Ji, V>£ *<b, * - ^ o tfzR 

*©»*MKF2©«£*#*«* -CH*#Ttfr4 o fc fc - R496K£P£ < 3fcJW*±Wnc 
ib-<M14^±^^^o J|*^4O0^*XtL/iqm(±VrHifc^4f&(qm I KD=(1. 96±0. 09) 
X10- 7 M) *»RHfcOT*V>o * fc#«*#TttK447R I KD= (2. 97 + 0. 18) XHT M, A471S ; K 
D-(4 82 + 0. 20) X 10- 7 M, A484S ; KD= (5. 50±0. 17) X 10-7M. R496K I KD= (7. 64±0. 21) X 

T3G G7C, T9GK»LTtH#*»*^a^fcfc-*T3Gtttrl3^Jt-<«*i-ttKH) 
T9Gli#bl00»l«<4o-CV^ o L*U G7C^iiqm^J:^K447RO^^M« 
T3G^T9Gk«M#tO|Mn14<75'ftltR]^ ; fc^'^ v ^° G7C-CtiC7 ^G^^ 

frotis^ C7* ^fIWi-SAsp489^W*fSm^i*<*^^^^^*^*^" e<7) ^ 

= (1.86±0.06) XlO _7 M"t:\ 13. t AifqmillWJCffi^TjsL/to 
[0 0 8 8] 
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^ (HTH) L, Hti^'Jy^ 'J ^ * 

■CS ^@E^|JI±^J4~5^*M^*^)^ S \ c-Myb^scRaplpO i ? l-BIR*^ — "7 * kvtt'f 

#Sj7~10aafe*tt*t»fe «J > DNAhcQ^jS&mkJA < . F^ -i ><D fr"t?Whfr&&"e % So 

hTRFl^hTRF2(i V 4 ^ ~ -CDNAK * DNAfe^- 7><r*9M moffliEftUB tt * < 
C0DNA|p-n F ^ > #3®-CDNAtr jfe^-e i & 0 t tUi * ^ * K ^ -f > IIOTOT - A 
*«DNAoaiJ* * BWfc-r * - ^ "^tB ft o T v> a o DNA fc OtM^ii^^ $ tiT v> S 
* «f A, 2f ©»^Arg**aO*WTA«[3fe*Bift Lt v> & o MATalTr i±Lys^ 

R«LTV>***, MTalhMT«2(iDNA^xn^^-«J&U DNA<D|WJ £ffi* R ») 

iiAij -y D*^]lr^ < i ^ C^t?) - loODNAfcfg- 

^ f ._ 7 ^- W |iA t - }± ^^ 0 Lysl* Jfc-<Arg**m*OATtC* A^Wll ^WUTjSKi"* 

I0S|^<7)B»t*Arg**ffifetL*O*«LysJ; D 4 fltffcrtf & „ NM 

R^SFRO**** <b hTRF2 tiiU* SrLysTMBflW- « fc * iChTRFl J: <9 i> DNAfc*t LtifDtt#1§ 
V>£ fctf*;fc**o ^tL^inxTAla471^Ala484-r^ffli:^ffl{ihTRFl^ifc^T7X^M^60 
SJct^ftv^O-C, hTRFl =fc yNA^Lt»iLn<*otv^ 0 

[0 0 8 9] 

Biological Implication 

hTRFl ^hTRF25±C«^MybK^ >f >«ftU ^^2i#^DNA^^i" &o L*»U Myb 
K^^^R±3&»iara«Il-*l^i _ *^'Ctt4<- loOMybF^-f ^^-e^-t^o *-£>h 
TRF1 hTRF2 <7)Myb >f > Offi[WIt4 Wit fcift < , ^H^IMIf <Z>ft*hTOFl £hTRF2<0 
DNA^(Omlt^±^^i:^^*'^ft^-^^^^- :^ ^° L#*L% *^2*#OhTKFltf>2otf>M 

&v^ 0 hTRF2{±3' ^m^cDlS*^^TTAGGGWlB^iJ^loX^^tL^2*#Itl*«ftO^ 

«#fc*£2#««fctt£'L J $ , 1-< ft££ fc***R#$tLrv>* 0 t-ioopSitrt-etiD 

-loopt'TRF2(ijg^-fS £ fe»#3*LTV**o hTRF2<7)Myb K> >f ^&^0tf>J»#ftf>#t* 
, hTRFl«^3' ^ffi5i^Offl#W^»^****2*«Oxn^TEy!i^tt#^^ 
it±1*t?**o Ltf»U hTRF2<D^M^3' ^fU^JSSCl^-CV^rt^^ lflE, hTR 
Fira»K22MRr * ^ TBB^J K^L£hTRF2&hRapl^Mrell complex ft ifOhTRF2tCffiSl 

{tmi-&i&<v? ttzi±i^mwk<D&wx^ 3' ^ta5fc3ffiffi#fc*ae>*i-. * 

[0 0 9 0] 

TRF2£S^DNA£ 3-yt4W5KW L40*3fe j6» ^ ft %> TRF2-DBD * 3 - Ki" & DNAO 
y 0 9^-7-^5' «> 3' «^ffi«L, PCR^^i ^TRF2-DBDf|5j£^3- F-r^>DNA^±ite 

mfE# 2005-3026724 



#11 2004-046238 



^-v: 17/ 



L^o mm LfcDNAfcNdel. EcoRI^IJIWSt^SU pET23b^7 ^CSL7^'-y3 
>U #<b*L7^7*-£7C)MBL21 (DE3) 

-£5M@lk 3' ffllfcfflifcLfco &J*#*Mfcfc**L5* fflt3' «W2oSrg[I^^PCR^T?«lte 
L/ , o ^A,tt^2*C»DNAtTRF2-DBDSMi05' fijfc3' 4 Srj&^PCR-Citttei- 

£ £ t -CSE*ff* n — K LfcTRF2-DBD(gg^#) <75DNA^# *t£ o # *LfcDNAfc*t LTRF2 
-DBDHflfcfcHMIIR*^ 5^-f3^MmoT*a^^-t^. fthtitz**? 
¥ - i±BL21 (DE3) \Z V 7 > X y * - A Lfc Q 

o K447R«5'«0^, R496K{i3'H!l<75*t?*^o 
TRF2DBD 

5' -ggtctcgcatatggaagacagtacaaccaatataac-3' 2 2 ) 

5'-gcgggaattctcagttcatgccaagtcttttc-3' (SB^iJ^-^ 2 3) 



TRF2DBD (A471S) 

5' -ggaaactggtctgccatttctaaaaat-3' (SE^'JIl^ 2 4 ) 

5' -agaaatggcagaccagtttccttcccc-3' (EE^iJH^ 2 5) 

TRF2DBD (A483S) 

5' -aaccgaacatctgtgatgattaaggat-3' (1S^!]#-J 2 6) 

5' -aatcatcacagatgttcggttaacaaa-3' (EE^iJIH? 2 7) 



TRF2DBD (K447R) > 

5' -ggtctcgcatatggaagacagtacaaccaatataacaaaaaggcagaagtgg-3' (HE#]=§hr 2 8) 

TRF2DBD (R496K) 

5' -ggaattctcagttcatgccaagttttttcatggtccg-5' (VSM^r^r 2 9 ) 

TRF2<DDNAfe^ (hTRF2-DBD : N^-Sg KMettf*ffr;fln b fcGlu438tf» Asn500 IW 

5 y m@a^'J ) Xtf***^ * 7CMBL21 (DE3) * (Novagen) K $5 v> T pET23b^ 7 9 - * M V> 
TllM^^o «aJ3a«r37'C^*L^o ODeoo**0. 5-0. 6 Kit Lfc k # > ImMM V "7° 
□ t B ;V-l-ft-^-D->!f7^ Mf^y vK (IPTG)£«LT. 25*CT?* «#£5L£lf 
$Lfco $f>tc3^ra*&*L^, flUfefcilJRU ^?7r- (50mMU >m* U * 
7r-(pH7 0). 5mM EDTA, lOOmM NaCl) P3ffc#**«>fc*>* 15 NH 4 C1(0 

15%) R V/XH [ 13 C]-^;V3-^(0.2«^^tS M9*/h^ At * M ^ o TRF2-DBD £ Sk 

y^mm^mx-mmLtzo mu^^-cn^^M^xmrn^i^ 3^(39, ooog) Lfc 

o lj|t;ty7r- (50mMV V »7 7 r-(pH7.0K 5mM EDTA, lOOmM NaCl)T? 

W<kbfeV >m-fe^n-^(pll, Whatman) io 7 AKu - KU 150mM, 200mli#.U f 250mM 

^-f &centriprep (Amicon)XiiVivaspin (VIVASCIENCE) Irffl^-Cll U #8t*2mL& 
TKLfco Mt>^^'^7- (5O111M 1 ; ^Bft* V «7A^y 7 r - (pH7. OK 5mM EDT 
A, 300mM KC 1 ) L 7S ¥ )V WM is y ^ (Superdex 30 ; Pharmaci a) \z 7 7° ~7 A L it „ 

■9- > 7°;l/O|^^k^JgttMALDI-T0FK»^*f^S.y f m^f7lciij^ i «9 frof: 0 

*WJt»fflV^ t V ^ if K7 7 > > (5' -GTTAGGGTTAGGG-3 ' ) 
^•1 7) liBexCo. Ltd (0*) ^tiAU. h<D^m^v 7 r - (50mMV 

V 7A(pH7.0), ImM EDTA. 150mM KC1) tfT^Jl/JfcTift'frU 95°C/^g-«^ 

t5>o < b?$mi-&z tiz x t) r=--)VLiz 0 ;ot>#*^-> y t ~~ (50mMV 

.j^A7 7 7 - (pH7. 0) . 5mM EDTA, 300mM KCl) -C¥IHb L fc (Superdex 

30; Pharmacia) fc7"/9>f Lfco , . irn ,„ rpi 

fc*>^ ^ y/^KkDNAOTOyj^OmM 1 ; >Sl*'J >7A(pH7.0)> 150mMKCl 
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ifcftJ&J&VtZo V > 7 p ;V*10«D20(v/v) if "C5mMU >WL* VfA (pH6. 9) -CJ8*f U-fco 
[0 0 9 1 ] 

10%(v/v)XttlOO»D20*^-t-*5mMV ^*'J-)A/<?7r- (pH6.9) * ©1. 0-1. 5mM 
<QTRF2-DBD-DNA«1=r# 4: NMRHIfc fcffl V* rt: „ NMRHIfc l± 303K"CBruker DMX-600X ^-800_h t? 
ffo/:o ^ w^ROiiOTt'f f h «3D HN(C0)CA, 3D HNCA, 3D HNCO (Grzesiek, 

S &"l5ax A Improved three-dimensional triple resonance NMR techniques applied 

to a 31 kDa protein. J.Magn. Reson. 96, 432-440. (1992a)). 3DHN (CA) CO, 3D CBC 
ANH&c^D CBCA(C0)NH (Grzesiek S and Bax A (1992b) Correlating backbone amide an 
d side-chain resonances in larger proteins by multiple relayed triple resonance 
NMR J. Am. Chem. Soc. 114, 6291-6293.) *&Wfco 9 > *9 TV 4 * > V & 

3D HBHA (CO) NH (1992b), 3D HCCH-TOCSY (Kay LE, Xu G-Y, Singer AU, Muhandiram DR 
and Forman-Kay JD (1993) A gradient-enhanced HCCH-TOCSY experiment for recording 

side-chain 1H and 13C correlations in H20 sample of protein. J. Magn. Reson. B. 
101 333-337.) , 3D HCCH-C0SY, 3D 15N-edited N0ESY, 3LtT3D 15N-edite T0CSY #1 
mfrh&fco ^II<7)-M^<E»MPlH^-r^3JHNafe^m«3D HNHA(Vuister GW and Bax 

A (1993) Quantitative J correlation: a new approach for measuring homonuclear t 
hree bond J-(HN-Ho) coupling constants in 15N-enriched protein. J. Am. Chem. So 
c. , 115, 7772-7777. )|UfeK £ DSlJgLfco , 

mmm<DTV^ * y YWfr^mmmm^v noesy, 2d tocsy, $.ch3c xi±i3c/i 

5N filtered pulse schemed § 2D DQF-C0SY (Ogura K, Terasawa H and Inagaki F (1996 
) An improved double-tuned and isotope-filtered pulse scheme based on a pulse fi 
eld gradient and a wide-band inversion shaped pulse. J. Biomol. NMR, 8, 492-498. 
)^M#£o ^mmmUmt, 3D 13C-edited(Fl), 13C-filtered(F3) NOESY MmRXJPS 
D 15N-edited(F2), 15N/13C-f i ltered(F3) NOESY «(0gura K, Terasawa H and Inagak 

1 F (1996) An improved double-tuned and isotope-filtered pulse scheme based on a 
pulse field gradient and a wide-band inversion shaped pulse. J. Biomol. NMR, 8, 
492-498. )frbftteo "f ^-CONMR^^ >;V£NMRPipe (Delaglio F, Grzesiek S, Vuis 

ter GW Zhu G Pfeifer J and Bax A (1995) NMRPipe: A multidimensional spectral p 
rocessing system based on UNIX PIPES. J. Biomol. NMR, 6, 277-293. ) R OTIPP (Garr 
et DS Powers R, Gronenborm AM and Clore GM (1991) A common sense approach to pe 
ak picking in two-, three-, and four-dimentinal spectra using automatic computer 
analysis of contour diagrams. J. Magn. Reson., 99, 214-220. ) V V h * * T &JSv> 

[0 0 9 2] 

TRF2-DBDCO -fu b y mmMMffl G&&N0ESY* Y fr<D9 UX\£-9 3ft K** h S § ffl L 
o N0E£. **L**U SftVS IIV^ **tPv>N0E^fflS-r&1.8-3.0, 2.3-4 0 

2 3-5 025.^2 3-6 0*>^M 3 -AO4oWfgiwyi:^Lfco faCfift 

mmi3]m a m^m^m^m^tzo mmnomm^ 3jhn«<5.5h z kmlt-9o° <t 

<-40° , 3JHN«>8.5Hz fc#LT-160" < ?5 <-80° KU. ^I*JDNA<ON0E£. **L**L, 
3£v>. «fgt, |fv>. ##^ilV^N0E^ffl^i-^,l. 8-3.0. 2.3-4.0. 2. 3-5. 035.^2. 3-6.0 

DNArto**jBf-fr«iiiasrfflv>"t:. %Lmtt*mnLtzo &T<D*mm&wm-z*), 7>v 

y *£afe*tJ&Jft*DNA*fciKi8rLrt:o GC£&*H=**LTtt, r G (Ni)-c(N 3 ) = 2.95 
±0.2tV^H3-A, r G (N2)-c(02) = 2.86±0.2t>^hn-A, X^rc (oe) -c (N4 
) = 2.91±0.2*^^ fn-A, TAmSM^Mb-Cii. r A (N6)-T(04) = 2.95±0.2* ✓ 
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^fn-A RO f rA(Hi)-T(H3) = 2.82±0.2*>^*hn-A (Grpnenborn, A.M. &C 
lore, G.M. Three-dimentional structure of proteins in by nuclear magnetic : resona 
nee spectroscopy. Protein Seq Date Anal. 2, 1-28. (1989)) o ^DNA^T*^ 

u^ixftmmzm^x, mwrmmk<n>m-%*tottft&.mma = -65±5o , p =1 

80 + 50° y = 60±50° , e = 180 + 50° ,5.0*? = -85±50° ) (Omichinski, J.G., Pe 
done P. V., Felsenfeld, G. , Gronenborn, A.M. & Clore, G.M. The solution structur 
e of' a specific GAGA factor-DNA complex reveals a modular binding mode. Nat. Str 
uct Biol 4 122-132. (1997); Wojciak, J.M., Connolly, K.M. & Clubb, R.T. NMR s 
tructure of the Tn916 integrase-DNA complex. Nat. Struct. Biol. 6, 366-373 (199 
9) ) r L t- o DNA KM* * N0E<7) ; <? * - > liB^DNA ICftMW * 4 O "C* S © "C, DNA kttf« 
i*LfeO**tt#R^C^lWIR«iE^** wfc ^W $ * 1 '* ( Wuthrich > K - NMRof Pr 
oteins and Nucleic Acids. Wiley, New York. (1986). ) Q 

Mjfc, crystallography and NMR System (CNS; Yale University) «rffiv> C, 9 s» 
**«>*<D200«©*£*tWLfco B^DNAXOnH-*b)t200flOhTOF2-DBD^e,^ 
h Lt ^r-CON0E^fflV>-ChTRF2-DNAm^-#^«^t* simulated annealing protocol 

str* vf Zo \rmkim* (omm^ 9 ***** * 50+ > ^* h n - 

L/~ 200i@cO«^^hTRF2-DNAm^#^ft#^^^o itt^O^t., 52ffl^K« 

fiWO.3 t^^bn-AKT, AISWR^' &T*»fc 0 , 

*> {&v»flEt w K^m<n * * 20M a^o 

[0 0 9 3 ] 

*S^riS^**^ore300(»1l*fflV>-Cflo*:o ^TO«lfct±293K-C10 n M HEPES-K0 
H 3mM EDTA, 180mM KC1 RV0. 003% Triton X-100 (v/v) (pH6. 8) £l§r ^TZ'^J 

ISmerO* V =/* * U** K"t?^— h Lf: D * tmoj^tfWfM-* : J 

y**m.* 3-5#w * tt-rio // L/5r<Dmm-? yu-iz^izmxLtzo 2 m kci t? 3o# m m& 

SE-e-tV^J— ^"9 A^frMK^t&RWliO^-Y y Yfr%xfrbrftM\^K 0 BIAe 

valution ver.3.2£fflv^ :o|«7 , -^^f 



[0 0 9 4] 
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Structural statistics for 20 structures of hTRF2complex and 25 structures of hTRF2 



Protein 

Distance restraints 
itra residue (i-j=0) 
medium range (|i-j|<5) 
long range (|i-j|^5) 
total 

Dihedral angle retraints 0 

DNA 

Distance restraints 
intra residue 
sequential 
interstrand 
total 

Protein-DNA 
TOTAL 

Statistic for structure calculations 

R.m.s. deviations from experimental restraints 

NOE(A) 

dihedrals(deg.) 
R.m.s. deviations from ideal restraints 

bonds(A) 

angles(deg.) 

impropers (deg.) 



218 
573 
231 
1022 
38 



131 
162 
4 

297 
93 
1450 
<SA> 



(4.70±0.70)x 10- 3 
(1.93±1.18)X10- 2 

(1.10±0.05)xl0- 3 
(2.85±0.04)X10 1 
(1.60±0.07)X10 1 



complex:residue 447-496 for protein, base-DNA 1 - 1 1 (3'- 1 3') for DNA 
free:residue 450-496 for protein 
R.m.s. deviations of Atomis coordinates (A) 

Protein 

DNA 

Protein-DNA 
PROCHEK Ramachndran plotstastistcs 

Residues in most favoured regions 
Residues in additinal allowed regions 
Residues in generously allowed regions 
Residues in disallowed regions 



196 
511 
203 
910 
42 



<SA> 



(2.46±0.06)x 10- 3 
(5.28±3.49)X10- 2 

(1.29±0.03)X 10- 3 
(4.64±0.03)X10- 1 
(3.39±0.04)x 10- 1 



backbone/all heavy atoms 
0.43±0.09/0.81±0.08 
0.43±0.14/0.38±0.13 
0.51 ±0.1 1/0.68±0.09 

83.5 
15.5 
0.9 
0.0 



backbone/all heavy atoms 
0.49± 0.09/0.95 ±0.0.08 



81.2 
16.1 
2.7 
0.0 



[0 0 9 5] 
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[0 0 9 6] _ 

[0 0 9 7] , _ 

£>-^DN A i: fc ^OSi^lf $ *U T R F 2 ODNA^wM^i® 

[HM^fflm=&mHJ] 
[0 0 9 8] 

[Ull (a) ] £&MybF^ V^tffn^ T * W^Ktc-MybO -f 
Mi, basic I^&ttF^^ acidic : Rtt >f ^ TRFH : TRF* * n - F ^ 
>f >\ BRCT : BRCAl^^n v- K> 4 RCT : Rapl 0****0 5?- F> >f act 
ive : F^ -f negative regulation : i£¥OTf'J H.* 'f Myb 1 Myb** 

ny-F^^ DNA binding:DNA|£^f^&&MybiM 
[Ull (b) ] ±*7- W^ROMyb >f > tc-MybcO#U tf- h (Rl> R2 

R3) <DT 5 y^Sc^iJo T^sy—H Vii^V y ^^fi*^Lfv»J 0 tfz&Mlt 

[0 2 (a) ] TRF2— DBDOXt- W0o _tl±25««>*-e*& Jc^^/^-Oi£v>fl|* 

[0 2 (b) ] TRF2— DBDfcDNAt<D^#coXxV^0o (a) i±20lS<7)4'-e* 4> 

[0 3 (a) ] NMT*^Lfc#^^^#^^/tTRFl^TRF2ODNA^^mM^:0o rfe 

[0 3 (b) ] TRFltTRF2(73#m^0o W^IES^ Sr^tf c v»4 0 * 

^U75 y»t±DNAOKIiHia*3S5«a6^ ^«^L/^^TRFltTRF2^^^ 

[0 4] TRF20±*OB«o WH^H^ *Lfc«Stt»±T3, VaUSEk Ala484t?M$ 
*LSJfc*CttOffl5^o Asp489tC7' ,C8' *1&&m*&*&&*7fi'to 

[0 5 (a) ] TEtFlfcTKF20HI**B»i-**S:iao ±<Z)ffii±Arg380ONK N2i:T9<7> 
02. A6' ON3C»mil(^>^^ fn-A) fc, Lys447 ^T9O02, A6* ON3<0ggJ!t(^ > 
nhn-A)^Uv»So ifcT03#3IRl*lt±#etL/t20ffloSatco^t>N-H- • D( 
0 or N) : H • • D distanced. 7t>^fn-A; N • -_D distance<3. 4 *> 77s \ 
n-A; N-H-D angle>90° 4rS!;fc"$-tfc11HIM~* 

[0 5 (b) ] TRFlfcTRF2(7)Ser404/Ala471i:Ser417/Ala484hT3O V VftHtOffi 

[06 ( a ) ] TRF20#DBD fc trl3 (5' -d (GTTAGGGTTAGGG) ) <D * ;W*K/5 S 1 :l<Vt£<D 
DNA CO 5 y h y%JM(0-s 7~f)\/o 
[0 6 (b) ] 06(a)-e#<b^/c«#^^ 5 7 h >(Dtt&*s7 >Ott*»fe»4 

[0 7] SPR-e#ibtL^TRF2, #nBD^»«3£Jfe(KD)«rtrl3, T3G> G7C> T9Gfcov>T 
<D>f7 7 

[08] #jIj&*fi»3iLTV»S***- F^-f >(07?;|O77^ > ho 

[@£^!J^7 V-r^xH 
[0 0 9 9] 

<@£^|J#-^1 > 
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SB^iJ*-^- 1 (4, H^^MhTRF2-DBD^)DNAffi^J ^r^i" 0 

SE^Jl^ 2 (4. K^3IhTRF2-DBD<7) 75 ^ MSB^iJ ^to 
<BE»^3 > 

@E^iJ#-^ 3 (4 , ^a#K447R<^DNA@E^J £ 7F"r o 

4 (4, ^ffK447Ro t 5 y mss^j ^/i^-r o 

<SE^iJ#-§-5> 

BB?!]#-§-5 t±, ^M#A47lS<7)DNAie^J^7Fi-o 
<SB»-S§-6> 

SB^iJ*-^ 6 (4, ^^#A471S(7) T 5 J WiW?\\ StaF^ 0 
<S£^iJ#-^7> 

@e^J#-^- 7 (4, ^^#:A484S<75DNASE^iJ Sr/p-To 
<K»-i-8> 

@B»-^ 8 (4, ^#A484S<7> 75 ^ MSB^iJ ° 
<B5^iJ#-^9 > 

SB»-^9 (4, ^^#:K496RCODNA@E^iJ^7p-to 

<fB»-^ 1 0 > 

IE^J#-^ 1 0 (4, i£fl#K496RW7 5 J WMH*^ * 
<IS^iJ#-^ 1 1 > 

@E£iJ#^rl 1(4, ^^#qmODNA@E^iJ*7Fi"o 
<IE^iJ#-^l 2 > 

SE^IJ*-^- 1 2 14, ^i#qi©7 5 JWm^^o 
<BE?tJ#-^l 3 > 

IE^iJ#-^l 3(4. ^^#dm<7)DNABE^J£7K-f-o 

<IB^iJ#-^ 1 4 > 
!E^iJ#-i- 1 4 i4. ^#dm<7)T 5 ymiE^J^/Ki-o 

<@B?iJ#^- 1 5 > 
SE^J#^1 5(4, ^MhTRF2^DNABE^J^7Kl-o 

<SE^iJ#^- 1 6 > 
SB^iJ#^ 1 6 (4. H^MhTRF20 7 5 JWWM^-to 

<@B^iJ#-^- 1 7 > 

@B3W§-1 7(4, z:fi^^^DNA•e^b^trl3O-^•O01cODNASE^J : Sr7p-ro 

<@E^iJ#-i- 1 8 > ^ _ ^ 

@B»-S§-1 8(4, -m^•^^DNA-e^-^>trl3(7)m^<75M^DNA|B^J*^-ro 

<@B^!l#-t 1 9 > 
SB^IJ*-!- 1 9 (4, fo^ 7DNA<7)»#-e& &T3G<7)DNA@S^J £7F"7o 

<mm-%2 0 > _ _ 

IB?!!#-f- 2 0 (4, T n ^ 7DNA<P^#"C* & G7CODNASE?iJ ^"To 
<IB»-§"2 1 > ^ _^ 

@B^iJ#-^2 1(4. fo^ 7DNA^^-e*>^T9GODNAIB^J^7rc-7o 

<SB»-^2 2> 

IB^iJ#^-2 2(4, TRF2-DBD o!5j5 <D 5 ' U!!I<9 7°7 -f ^-OSB^iJ £/FTo 
<@B»-§-2 3 > 

@B^iJ#-t2 3(4, TRF2-DBD pMS <£> 3 ' HJ<7) 7° 7 4 OSB^iJ 
<IB^iJ#-^2 4 > 

@E?iJ#-§-2 4 (4, TRF2-DBDi?JI#A471S§&fi^5' ffi9<£>"7*7 ^-^IB^JSrzFTo 

<MB5 : iJ#-^2 5 > - 
BB^iJ#-^2 5(4, TRF2-DBD«#A471SW<7)3' i®^ >f v-^J^/Fto 

<SB^iJ#-^2 6 > 
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M£?iJ#-f- 2 6 tt , TRF2-DBD^^#A483Sf|5fi<755' fJJ O "7 9 >f v - <£>@B?iJ o 

<SE^iJ#-t 2 7 > , . __ J _ 

I53W§-2 7i±, TRF2-DBD«#A483S^4c03' flfflO^? 4 ^-OlB^JSr^o 

<IS^iJ#^-2 8 > . _ , 

lB^J#-^2 8{±. TRF2-DBD3E^#K447R«BteW5' ffl^^ "T ^-OSfi^iJSr^To 

<IE^iJ#^-2 9 > _ . 

@£^J#^-2 9(±, TRF2-DBD^#l#R496Kg|tf£<7)3' >f T-OSB2?!l*^To 
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<110> Japan Science and Technology Agency 
Yokohama City 



<120> TRF2 DNA-binding domain mutant proteins, telomeric DNA mutants, and use o 
f a structure of a complex between a TRF2 DNA binding domain and a double-strand 



ed DNA molecule 
<130> P04-002 
<160> 29 

<170> Patentln version 3.1 

<210> 1 

<211> 189 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 
<222> (1). . (189) 
<223> 

<400> 1 

gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 

Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val Glu 
1 5 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg get gec att tct aaa aat tac cca ttt gtt aac cga aca get gtg 
Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 

atg att aag gat cgc tgg egg acc atg aaa aga ctt ggc atg aac 
Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



48 



96 



144 



189 



<210> 2 

<211> 63 

<212> PRT 

<213> Homo sapiens 



<400> 2 
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Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val Glu 
15 10 15 



Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 



Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 



Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 3 

<211> 189 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<220> 
<221> CDS 
<222> (1) . . (189) 
<223> 

<400> 3 

gaa gac agt aca acc aat ata aca aaa agg cag aag tgg act gta gaa 
Glu Asp Ser Thr Thr Asn He Thr Lys Arg Gin Lys Trp Thr Val Glu 
15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg get gec att tct aaa aat tac cca ttt gtt aac cga aca get gtg 
Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 

atg att aag gat cgc tgg egg acc atg aaa aga ctt ggc atg aac 
Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



48 



96 



144 



189 



<210> 4 
<211> 63 
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<212> PRT 
<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 4 

Glu Asp Ser Thr Thr Asn He Thr Lys Arg Gin Lys Trp Thr Val Glu 
15 10 15 

Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 

Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 5 

<211> 189 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 
<220> 

<221> CDS 
<222> (1). . (189) 
<223> 

<400> 5 

gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 
Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val Glu 
1 5 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg tct gec att tct aaa aat tac cca ttt gtt aac cga aca get gtg 
Trp Ser Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 



48 



96 



144 



ffi|E# 2005-3026724 



#H 2004-046238 

atg att aag gat cgc tgg egg acc atg aaa aga ctt ggc atg aac 
Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 6 

<211> 63 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 6 

Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val Glu 
1 5 10 15 



Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 



Trp Ser Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 



Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 7 

<211> 189 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 
<220> 

<221> CDS 
<222> (1). . (189) 
<223> 

<400> 7 

gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 
Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val Glu 
15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 



^-v: 4/ 



189 



48 



96 



ffi$E# 2005-3026724 



mm 2004-046238 

Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg get gec att tct aaa aat tac cca ttt gtt aac cga aca tct gtg 
Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 

atg att aag gat cgc tgg egg ace atg aaa aga ctt ggc atg aac 
Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 8 

<211> 63 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 8 

Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val Glu 
15 10 15 



Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 



Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 



Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 9 

<211> 189 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 
<220> 

<221> CDS 

<222> (1)..(189) 
<223> 

ffi|IE# 2005-3026724 



^-v : 5/ 



144 



189 



<400> 9 . AS 

gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 40 
Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val Glu 

10 15 



1 5 



gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg get gee att tct aaa aat tac cca ttt gtt aac cga aca get gtg 
Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 

atg att aag gat cgc tgg egg acc atg aaa aag ctt ggc atg aac 
Met He Lys Asp Arg Trp Arg Thr Met Lys Lys Leu Gly Met Asn 
50 55 60 



96 



144 



189 



<210> 10 

<211> 63 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 10 



#11 2004-046238 



Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val 
15 10 15 



Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly 
20 25 30 



Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala 
35 40 45 



Met He Lys Asp Arg Trp Arg Thr Met Lys Lys Leu Gly Met Asn 
50 55 60 



<210> 11 

<211> 189 

<212> DNA 

<213> Artificial 



mSE# 2005-3026724 



#K 2004-046238 : 7/ 



<220> 

<223> synthetic DNA 
<220> 

<221> CDS 

<222> (1) . . (189) 

<223> 

<400> 11 

gaa gac agt aca acc aat ata aca aaa agg cag aag tgg act gta gaa 

Glu Asp Ser Thr Thr Asn He Thr Lys Arg Gin Lys Trp Thr Val Glu 
15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 



atg att aag gat cgc tgg egg acc atg aaa aag ctt ggc atg aac 
Met He Lys Asp Arg Trp Arg Thr Met Lys Lys Leu Gly Met Asn 
50 ' 55 60 



<210> 12 

<211> 63 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 12 

Glu Asp Ser Thr Thr Asn He Thr Lys Arg Gin Lys Trp Thr Val Glu 
15 10 15 



Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 



Trp Ser Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 



48 



96 



tgg tct gee att tct aaa aat tac cca ttt gtt aac cga aca tct gtg 144 
Trp Ser Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 



189 



Met He Lys Asp Arg Trp Arg Thr Met Lys Lys Leu Gly Met Asn 
50 ' 55 60 

£tSiE# 2005-3026724 



#H 2004-046238 



<210> 13 

<211> 189 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 
<220> 

<221> CDS 

<222> (1)..(189) 

<223> 

<400> 13 

gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 
Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val Glu 
1 ' 5 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg tct gee att tct aaa aat tac cca ttt gtt aac cga aca tct gtg 
Trp Ser Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 

atg att aag gat cgc tgg egg acc atg aaa aga ctt ggc atg aac 
Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 14 

<211> 63 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 14 

Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin Lys Trp Thr Val Glu 
15 10 15 



Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 



#11 2004-046238 



^-v: 9/ 



Trp Ser Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 



Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 15 

<211> 1500 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1)..(1500) 

<223> 

<400> 15 

atg gcg gga gga ggc ggg agt age gac ggc age ggg egg gca get ggc 
Met Ala Gly Gly Gly Gly Ser Ser Asp Gly Ser Gly Arg Ala Ala Gly 



1 5 



10 15 



agg egg gcg tec cgc agt age ggg egg gee egg egg ggg cgc cac gag 
Arg Arg Ala Ser Arg Ser Ser Gly Arg Ala Arg Arg Gly Arg His Glu 
20 25 30 

ccg ggg ctg ggg ggc ccg gcg gag cgc ggc gcg ggg gag gca egg ctg 
Pro Gly Leu Gly Gly Pro Ala Glu Arg Gly Ala Gly Glu Ala Arg Leu 
35 40 45 

gaa gag gca gtc aat cgc tgg gtg etc aag ttc tac ttc cac gag gcg 
Glu Glu Ala Val Asn Arg Trp Val Leu Lys Phe Tyr Phe His Glu Ala 
50 55 60 

ctg egg gee ttt egg ggt age egg tac ggg gac ttc aga cag ate egg 
Leu Arg Ala Phe Arg Gly Ser Arg Tyr Gly Asp Phe Arg Gin He Arg 
65 ** 70 75 80 

gac ate atg cag get ttg ctt gtc agg ccc ttg ggg aag gag cac ace 
Asp He Met Gin Ala Leu Leu Val Arg Pro Leu Gly Lys Glu His lnr 
85 90 95 

gtg tec cga ttg ctg egg gtt atg cag tgt ctg teg egg att gaa gaa 
Val Ser Arg Leu Leu Arg Val Met Gin Cys Leu Ser Arg He Glu Glu 
100 105 HO 



48 



96 



144 



192 



240 



288 



336 



384 



ggg gaa aat tta gac tgt tec ttt gat atg gag get gag etc aca cca 
Gly Glu Asn Leu Asp Cys Ser Phe Asp Met Glu Ala Glu Leu Thr Pro 

ffi«E#2 0 0 5 -3 0 2 6 7 2 4 



#H 2 0 0 4 - 0 4 6 2 3 8 ^- v : 10/ 

115 120 125 

ctg gaa tea get ate aat gtg ctg gag atg att aaa acg gaa ttt aca 432 
Leu Glu Ser Ala He Asn Val Leu Glu Met He Lys Thr Glu Phe Thr 
130 135 140 

ctg aca gaa gca gtg gtc gaa tec agt aga aaa ctg gtc aag gaa get 480 
Leu Thr Glu Ala Val Val Glu Ser Ser Arg Lys Leu Val Lys Glu Ala 
145 150 155 160 

get gtc att att tgt ate aaa aac aaa gaa ttt gaa aag get tea aaa 
Ala Val He He Cys He Lys Asn Lys Glu Phe Glu Lys Ala Ser Lys 
165 170 175 

att ttg aaa aaa cat atg tec aag gac ccc aca act cag aag ctg aga 
He Leu Lys Lys His Met Ser Lys Asp Pro Thr Thr Gin Lys Leu Arg 
180 185 190 

aat gat etc ctg aat att att cga gaa aag aac ttg gee cat cct gtt 
Asn Asp Leu Leu Asn He He Arg Glu Lys Asn Leu Ala His Pro Val 
195 200 205 

ate cag aac ttt tea tat gag acc ttc cag cag aag atg ctg cgc ttc 
He Gin Asn Phe Ser Tyr Glu Thr Phe Gin Gin Lys Met Leu Arg Phe 
210 215 220 

ctg gag age cac ctg gat gac gee gag ccc tac etc etc acg atg gee 
Leu Glu Ser His Leu Asp Asp Ala Glu Pro Tyr Leu Leu Thr Met Ala 
225 230 235 240 

aaa aag get ttg aaa tct gag tec get gee tea agt aca ggg aag gaa 
Lys Lys Ala Leu Lys Ser Glu Ser Ala Ala Ser Ser Thr Gly Lys Glu 
245 250 255 

gat aaa cag cca gca cca ggg cct gtg gaa aag cca ccc aga gaa ccc 
Asd Lys Gin Pro Ala Pro Gly Pro Val Glu Lys Pro Pro Arg Glu Pro 
260 265 270 

gca agg cag eta egg aat cct cca acc acc att gga atg atg act ctg 
Ala Arg Gin Leu Arg Asn Pro Pro Thr Thr lie Gly Met Met Thr Leu 
275 280 285 

aaa gca get ttc aag act ctg tct ggt gca cag gat tct gag gca gee 
Lys Ala Ala Phe Lys Thr Leu Ser Gly Ala Gin Asp Ser Glu Ala Ala 
290 295 300 

ttt gca aaa ctg gac cag aag gat ctg gtt ctt cct act caa get etc 
Phe Ala Lys Leu Asp Gin Lys Asp Leu Val Leu Pro Thr Gin Ala Leu 
305 310 315 320 

miiE# 2005-3026724 



528 



576 



624 



672 



720 



768 



816 



864 



912 



960 



El 2004-046238 



11/ 



cca gca tea cca gec etc aaa aac aag aga ccc aga aaa gat gaa aac 
Pro Ala Ser Pro Ala Leu Lys Asn Lys Arg Pro Arg Lys Asp Glu Asn 
325 330 335 

gaa agt tea gee ccg get gac ggt gag ggt ggc teg gaa ctg cag ccc 
Glu Ser Ser Ala Pro Ala Asp Gly Glu Gly Gly Ser Glu Leu Gin Pro 
340 345 350 

aag aac aag cgc atg aca ata age aga ttg gtc ttg gag gag gac age 
Lys Asn Lys Arg Met Thr He Ser Arg Leu Val Leu Glu Glu Asp Ser 
355 360 365 

cag agt act gag ccc age gca ggc etc aac tec tec cag gag gee get 
Gin Ser Thr Glu Pro Ser Ala Gly Leu Asn Ser Ser Gin Glu Ala Ala 
370 375 380 

tea gcg cca cca tec aag ccc acc gtt etc aac caa ccc etc cct gga 
Ser Ala Pro Pro Ser Lys Pro Thr Val Leu Asn Gin Pro Leu Pro Gly 
385 390 395 400 

gag aag aat ccc aaa gta ccc aaa ggc aag tgg aac age tct aat ggg 
Glu Lys Asn Pro Lys Val Pro Lys Gly Lys Trp Asn Ser Ser Asn Gly 
405 410 415 

gtt gaa gaa aag gag act tgg gtg gaa gag gat gaa ctg ttt caa gtt 
Val Glu Glu Lys Glu Thr Trp Val Glu Glu Asp Glu Leu Phe Gin Val 
420 425 430 

cag gca gca cca gat gaa gac agt aca acc aat ata aca aaa aag cag 
Gin Ala Ala Pro Asp Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin 
435 440 445 

aag tgg act gta gaa gaa age gag tgg gtc aag get gga gtg cag aaa 
Lys Trp Thr Val Glu Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys 
450 455 460 

tat ggg gaa gga aac tgg get gee att tct aaa aat tac cca ttt gtt 
Tvr Gly Glu Gly Asn Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val 
465 470 475 480 

aac cga aca get gtg atg att aag gat cgc tgg egg acc atg aaa aga 
Asn Arg Thr Ala Val Met He Lys Asp Arg Trp Arg Thr Met Lys Arg 
485 490 495 

ctt ggc atg aac 
Leu Gly Met Asn 
500 



1008 



1056 



1104 



1152 



1200 



1248 



1296 



1344 



1392 



1440 



1488 



1500 



<210> 16 



2005-3026724 



#11 2004-046238 



^-v : 12/ 



<211> 500 
<212> PRT 
<213> Homo sapiens 

<400> 16 

Met Ala Gly Gly Gly Gly Ser Ser Asp Gly Ser Gly Arg Ala Ala Gly 
1 ' 5 10 15 



Arg Arg Ala Ser Arg Ser Ser Gly Arg Ala Arg Arg Gly Arg His Glu 
20 25 30 

Pro Gly Leu Gly Gly Pro Ala Glu Arg Gly Ala Gly Glu Ala Arg Leu 
35 40 45 

Glu Glu Ala Val Asn Arg Trp Val Leu Lys Phe Tyr Phe His Glu Ala 
50 55 60 

Leu Arg Ala Phe Arg Gly Ser Arg Tyr Gly Asp Phe Arg Gin He Arg 
65 70 75 80 

Asp He Met Gin Ala Leu Leu Val Arg Pro Leu Gly Lys Glu His Thr 
85 90 95 



Val Ser Arg Leu Leu Arg Val Met Gin Cys Leu Ser Arg He Glu Glu 
100 105 HO 

Gly Glu Asn Leu Asp Cys Ser Phe Asp Met Glu Ala Glu Leu Thr Pro 
115 120 125 

Leu Glu Ser Ala He Asn Val Leu Glu Met He Lys Thr Glu Phe Thr 
130 135 140 

Leu Thr Glu Ala Val Val Glu Ser Ser Arg Lys Leu Val Lys Glu Ala 
145 150 155 160 



Ala Val He He Cys lie Lys Asn Lys Glu Phe Glu Lys Ala Ser Lys 
165 170 175 



ffifE# 2005-3026724 



mM 2004-046238 

He Leu Lys Lys His Met Ser Lys Asp Pro Thr Thr Gin Lys Leu Arg 
180 185 190 



^-v: 13/ 



Asn Asp Leu Leu Asn He He Arg Glu Lys Asn Leu Ala His Pro Val 
195 200 205 



He Gin Asn Phe Ser Tyr Glu Thr Phe Gin Gin Lys Met Leu Arg Phe 
210 215 220 

Leu Glu Ser His Leu Asp Asp Ala Glu Pro Tyr Leu Leu Thr Met Ala 
225 230 235 240 



Lys Lys Ala Leu Lys Ser Glu Ser Ala Ala Ser Ser Thr Gly Lys Glu 

250 255 



245 



Asp Lys Gin Pro Ala Pro Gly Pro Val Glu Lys Pro Pro Arg Glu Pro 
1 " 265 270 



260 



Ala Arg Gin Leu Arg Asn Pro Pro Thr Thr He Gly Met Met Thr Leu 
275 280 285 



Lvs Ala Ala Phe Lys Thr Leu Ser Gly Ala Gin Asp Ser Glu Ala Ala 
290 295 300 



Phe Ala Lys Leu Asp Gin Lys Asp Leu Val Leu Pro Thr Gin Ala Leu 

315 3ZU 



305 



310 



Pro Ala Ser Pro Ala Leu Lys Asn Lys Arg Pro Arg Lys Asp Glu Asn 
325 330 335 

Glu Ser Ser Ala Pro Ala Asp Gly Glu Gly Gly Ser Glu Leu Gin Pro 
340 345 350 



Lys Asn Lys Arg Met Thr He Ser Arg Leu Val Leu Glu Glu Asp Ser 
355 360 365 



Gin Ser Thr Glu Pro Ser Ala Gly Leu Asn Ser Ser Gin Glu Ala Ala 
370 375 380 

ffi!E# 2005-3026724 
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Ser Ala Pro Pro Ser Lys Pro Thr Val Leu Asn Gin Pro Leu Pro Gly 
385 390 395 400 



Glu Lys Asn Pro Lys Val Pro Lys Gly Lys Trp Asn Ser Ser Asn Gly 
405 410 415 



Val Glu Glu Lys Glu Thr Trp Val Glu Glu Asp Glu Leu Phe Gin Val 
420 425 430 



Gin Ala Ala Pro Asp Glu Asp Ser Thr Thr Asn He Thr Lys Lys Gin 
435 440 445 



Lys Trp Thr Val Glu Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys 
450 455 460 



Tyr Gly Glu Gly Asn Trp Ala Ala He Ser Lys Asn Tyr Pro Phe Val 
465 ' " 470 475 480 



Asn Arg Thr Ala Val Met He Lys Asp Arg Trp Arg Thr Met Lys Arg 
485 490 495 



Leu Gly Met Asn 
500 



<210> 17 

<211> 13 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 17 
gttagggtta ggg 



13 



<210> 18 
<211> 13 
<212> DNA 
<213> Artificial 

ffifE# 2005-3026724 
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^-v: 15/ 



<220> 

<223> synthetic DNA 

<400> 18 
cccattccca ttc 



<210> 19 

<211> 13 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 19 
gtgagggtta ggg 



<210> 20 

<211> 13 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 20 
gttaggctta ggg 



<210> 21 

<211> 13 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 21 
gttagggtga ggg 



<210> 22 

<211> 36 

<212> DNA 

<213> Artificial 



<220> 



2005-3026724 



#11 2004-046238 



^->>: 16/ 



<223> synthetic DNA 
<400> 22 

ggtctcgcat atggaagaca gtacaaccaa tataac 



<210> 23 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 23 

gcgggaattc tcagttcatg ccaagtcttt tc 



<210> 24 

<211> 27 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 24 

ggaaactggt ctgccatttc taaaaat 



<210> 25 

<211> 27 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 25 

agaaatggca gaccagtttc cttcccc 



<210> 26 

<211> 27 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 
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<400> 26 2? 
aaccgaacat ctgtgatgat taaggat 



<210> 27 

<211> 27 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 27 27 
aatcatcaca gatgttcggt taacaaa 



<210> 28 

<211> 52 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 28 r 9 
ggtctcgcat atggaagaca gtacaaccaa tataacaaaa aggcagaagt gg ^ 



<210> 29 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 29 on 
ggaattctca gttcatgcca agttttttca tggtccg 
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